INTRODUCTION
In large water bodies there are two distinct zones, littoral and pelagic, which respond differently to changes in lake levels (Wetzel, 2001) . The littoral zone is defined as the zone of shallow water around the edges of lakes to the maximum depth at which light still penetrates to the bottom segments to allow macrophytic growth (Zohary and Ostrovsky, 2011) . The pelagic zone is simply defined as the zone of open water (Zohary and Ostrovsky, 2011) . The littoral zone tends to be more productive than the pelagic zone (Wetzel, 2001 ). In deeper lakes, which are defined as water bodies deep enough to stratify (Zohary and Ostrovsky, 2011), effects of excessive water level fluctuations may not be as noticeable as in shallow lakes, with visible changes only evident in the littoral zone (Nowlin et al., 2004) . However, littoral zone changes can noticeably affect the pelagic zone (Zohary and Ostrovsky, 2011) .
Most studies have focused mainly on the pelagic zone, as lakes have often been viewed as closed systems (Thorp and Covich, 2010) . However, due to the interaction of the terrestrial and aquatic phases at the shoreline, studies comprising both the littoral and pelagic zone have been recommended (Zohary and Ostrovsky, 2011) , given the potential cascading effects on the whole lake ecosystem. A study by Castilho-Noll et al. (2010) noted that zooplankton species richness in the pelagic zone was only 67% of that determined for the overall system. Some planktonic species may appear in the littoral but not the pelagic zone (Kumar et al. 2004; Thorp and Covich, 2010) . Thus a study encompassing both the littoral zone and pelagic zone would serve to give more representative information of the vertical and horizontal lake physicochemical structure which shapes biotic communities (Antenucci et al., 2003; Castilho-Noll et al., 2010) .
The Manjirenji Dam, a relatively shallow reservoir located in the arid south-eastern part of Zimbabwe, is subject to wide waterlevel fluctuations, reaching a drastic 12.6% or 4.66 m from an average of 24. 2 m in November 2012, then 18.9% in September 2013 and increasing to just below 40% in January 2014 (ZINWA, 2014) . Though the main purpose of its construction was to supply irrigation water for the vast sugarcane-producing Mkwasine Estates, other multiple designated uses comprising domestic water abstraction, lakeshore irrigation, downstream wheat irrigation and small-scale hydroelectric power generation have evolved subsequently (Mazvimavi, 2010) . In tandem with high deforestation rates, accelerated by transforming land initiatives, which deposit high silt loads into the dam, (Mazvimavi, 2010) there are wide water-level fluctuations, which is a threat to water quantity, quality and biotic integrity. However, the impact of aridity, water abstraction and human activities on water levels and water quality in Manjirenji Dam has scarcely received attention (Svubure et al., 2010) , apart from concerns regarding water demand by sugarcane farmers (Mazvimavi, 2010) . Since the Manjirenji Dam lacks permanent shoreline macrophytes and has an extended drawdown zone, knowledge of the impact of the withdrawing activities on the different lake zones is paramount (Thorp and Covich, 2010 There is a lack of crucial information on the trophic status and water quality of the reservoir. In order to address this knowledge gap, this study aimed to investigate the water quality and determine the trophic state of the Manjirenji Dam using two adapted customary temperate water quality indices, the Canadian Council of Ministers of the Environment (CCME) Water Quality Index (CCME, 2001) and the Carlson Trophic State Index (Carlson, 1977) , for a tropical lake system. We also assessed the influence of lake zones on the water chemistry. The ultimate aim of this baseline water chemistry survey was to provide water quality data for the heavily utilised Manjirenji Dam in Zimbabwe; this data can be useful for future lake biotic integrity surveys.
Study area -Manjirenji Dam
Manjirenji Dam, located in the arid south-eastern part of Zimbabwe, is a rock-fill dam built on the Chiredzi River, and was constructed from 1964 to 1967 for conveyance of water to the irrigation scheme at Mkwasine Estates, near the town of Triangle to the south west (Fig. 1) . The geology of the Manjirenji catchment area mainly comprises of sporadic deposits of ironbanded stones, and low-mineral igneous and calcite rocks (Svubure et al. 2010) . The reservoir and its environment are protected and managed by Zimbabwe National Parks and Wildlife Authority (ZINWA, 2014) . The lake's hydrological history and morphometry are summarised in Table 1 .
METHODS
Ten littoral and seven pelagic sites were established so as to cover the entire Manjirenji Dam (Fig. 1) . Monthly sampling was carried out from August 2013 to April 2014.
Data collection
Triplicate water samples for analysis were collected at each site with a 5 L Ruttner-type water sampler (2.0 dm 3 capacity), from the water surface to a depth of 3 m at 1 m intervals, and poured into one collective sample. The water sample was filtered and stored in pre-rinse acid-cleaned and sun-dried plastic bottles and immediately stored on ice before transportation to the laboratory for nutrient analysis. In-situ measurements of pH, conductivity, turbidity, total dissolved solids, suspended solids, temperature and dissolved oxygen (DO) were done using a pH, Neflorimeter, Conductivity and DO meter (HACH, LDO, Germany). Water transparency (Secchi depth, SD) was measured using a 20 cm diameter Secchi disc having alternating black and white quadrants. Chlorophyll a was measured in situ at each site with a YSI 6600 VZ Multiparameter Water Quality Sonde. In the laboratory, the concentration of ammonia, total nitrogen, sulphates, and nitrates and total phosphorus were determined using standard colorimetric methods from EPA, Hach and Standard Methods (APHA, 1995) .
Data analysis
The water quality parameters were separated on the basis of zonation and were grouped as littoral (L) zone values and pelagic (P) zone values. The physical-chemical data at all sites were subjected to repeated measurements to test for significant variation among sites sampled due to the distortion tendency associated with mean values. Thus, the spatial and temporal differences in physical-chemical parameters were investigated using one way ANOVA at 5% level of significance using Past 2.16 software (Hammer et al., 2001) . Two measures were used for trophic categorisation of the reservoir -the Canadian Council of Ministers of the Environment (CCME) Water Quality Index (CCME, 2001) with the scoring criteria indicated in Appendix 1 (Table A1) , and the Carlson Trophic State classification criteria by Carlson (1977) . The CCME Water Quality Index uses set standard guidelines to compare against measured parameter values to produce a single value that represents the water quality of the entire water body. The index was calculated using a Microsoft Excelgenerated macro of CCME Water Quality Index Calculator 1.3. A Raup Crick cluster analysis to evaluate the similarities and dissimilarities of sites in both the pelagic and littoral zone was done.
RESULTS
For convenience, we separated the chemical aspects, consisting of pH, conductivity, total dissolved solids, suspended solids, temperature, turbidity, dissolved oxygen and water transparency, from the trophic parameters, comprising of ammonia, chlorophyll a, total nitrogen, nitrates, sulphates and total phosphorus. The means (and standard deviations) of 14 physical and chemical variables measured in the littoral and pelagic zones of the Manjirenji Dam are shown in Tables 2-3 and 4-5 for littoral and pelagic sites, respectively.
Physical-chemical parameters
The pH values were slightly neutral with the highest value at Site L7, of 8.08 ± 0.85 ( was recorded at P1 (Table 5) . High mean chlorophyll a values of 3.45 ± 1.56, 3.57 ± 0.99, 3.32 ± 1.01 μg·L −1 were recorded at L5, L9 and P3.
There were no significant differences (Anova, p > 0.05) in pH at different sites in the littoral zone. Though there were significant differences in pH in the pelagic zone; for example, Site P6 in the pelagic zone differed significantly from Sites P2 and P5. Whilst there were no significant differences in DO concentrations between the pelagic sites sampled, some sites in the littoral zones, such as L2, L4 and L9, differed significantly from L8 and L6. There were no significant variations in TDS values at all the littoral and pelagic sites. However, there were significant differences in the levels of suspended solids (SS) recorded between sites in both the littoral and pelagic zones. For instance, in the pelagic zone the levels of suspended solids at Site P6 differed from SS values at P2, P4 and P7. The mean Secchi depth was relatively consistent among littoral sites and did not differ significantly (Anova, p > 0.05) between the littoral sites of the Manjirenji Dam. However, the mean Secchi depth differed significantly among pelagic sites in the Manjirenji Dam.
We recorded significant variations in total phosphate concentrations among sites in the littoral zone. There were no significant variations in nitrate concentrations among sampling sites in the pelagic zone, though we recorded some significant variations in nitrate concentrations among littoral sites. Significant variations in TN concentration were recorded among sites in the pelagic zone, and between Site L6 and Sites L8 and L9 in the littoral zone of the Manjirenji Dam. Though we recorded no significant differences in EC values among sites in the pelagic zone the EC values at some littoral sites differed significantly. For instance, EC values at Site L8 differed significantly from L2 and L6, with EC values at Sites L1 and L4 differing significantly from those of Sites L9 and L10 respectively. We recorded no significant differences in ammonia concentrations among all sites in both the pelagic and littoral zones. There were significant variations in turbidity among littoral sites; for instance, turbidity values at Site L7 differed significantly from those recorded at L1 and L3. Chlorophyll a concentrations did not differ significantly (p > 0.05) among littoral shoreline sites.
The Carlson Trophic State Index and CCME Water Quality Index classification for lakes indicate that the Manjirenji Dam is oligotrophic (Table 6 ). Mean monthly (CCME) values reflect that the water in the Manjirenji Dam was in a fair quality for the initial 3 months of sampling (August-October), with CCME values ranging from 65-79, punctuated by a period of good water quality (80-94) in the successive 4 months from November-February. It then reverted back to fair quality in March and April with an average CCME value of 78.6 (Table 7) . Overall, the CCME index indicates that the water in the Manjirenji Dam is of fair quality with a mean CCME value of 78.1. Similarly, the Carlson Trophic State Index reflected a prevalence of an oligotrophic state in the Manjirenji Dam for the period we sampled. 
Site similarities
The Raup Crick cluster analysis computation of site similarity (Fig. 2) shows no clear distinction of physical-chemical parameters between pelagic and littoral sites in the Manjirenji Dam, evidenced in the extensive inter-site dichotomy above the 0.95 similarity level, characterised by numerous branching-off of sites in Fig. 2 . For instance, some littoral sites such as L2, L7 and L9 were similar to pelagic site P5. Sites L6 and L8 however, had distinct dissimilarities with other sites as shown in Fig. 2 .
DISCUSSION
The two current temperate measures we used for trophic categorisation of the reservoir -the CCME Water Quality Index (CCME, 2001) with the scoring criteria indicated in Appendix 1, and the Carlson Trophic State classification criteria by Carlson (1977) -reflect that the water in the Manjirenji Dam is of fair quality and that the dam is in an oligotrophic state. Though various trophic state categorisation indices have been utilised for lakes and rivers in Southern Africa, the majority of indices are a modification of the Carlson Trophic State Index and use phosphorus as a determinant (Van Ginkel, 2002) , whilst the choice for using the (CCME) Water Quality Index was premised on it being a convenient means of summarising complex water quality data that can be easily understood by the public, water distributors, planners, managers and policy makers (Lumb et al., 2006) . Oberholster et al. (2013) used the phosphorus sensitivity index (LPSI) by isolating phosphorus as the key driver of productivity and an efficient indicator of early signs of eutrophication in the upper Olifants River and Lake Loskop. The phosphorus sensitivity index (LPSI) functions in a water system with hydraulic retention time between flood and recession events ≥ 100 days with no drastic wide water-level fluctuations (WWF) and no extensive drawdown extents and zones (McDowell et al. 2004 ). Manjirenji Dam is prone to wide lake level fluctuations and has a pronounced drawdown zone devoid of both emergent and littoral shore macrophytes, inferring hydraulic residence/retention Similarity   L8  L10  P1  P3  P4  L3  L4  L5  L1  P7  P2  P5  L2  L7  L9 P6 L6 time of < 100 days and thus limiting the use of the modified phosphorus sensitivity index (McDowell et al. 2004; Oberholster et al. 2013) . The Carlson Trophic State Index encompass water transparency, chlorophyll a and phosphorus concentrations and more accurately evaluates the trophic state of a lake which is phytoplankton dominated like the Manjirenji Dam (Carlson, 1977; Ejankowsk and Lenard, 2014) . Modifications of the Carlson Trophic State Index arise due to its tendency to undervalue the trophic state of a macrophyte-dominated lake due to the significant amount of biogenic compounds accumulated in plant tissues (Ejankowsk and Lenard, 2014) . In order to validate the assessed water quality of the Manjirenji Dam we further tested another current temperate index, the CCME Water Quality Index, which indicated that water in the Manjirenji Dam is of fair quality with a mean CCME value of 78.1. This corroborates with the Carlson Trophic State Index which indicated an oligotrophic state of the dam. The CCME Water Quality Index integrates the measured physicochemical parameters of a lake into an algorithm relative to the local water quality standard guidelines and verifies conformity and deviations as water quality criteria as shown in Appendix 1 (CCME, 2001). For the Manjirenji Dam, the CCME Water Quality Index indicates that, though there are slight disturbances in the water quality, particularly in the drier months of August, September and October, as well as the post-rainfall month of April, overall, the water in the Manjirenji Dam is of fair quality. Reduction in lake levels in the drier months tends to reduce the dilution factor and increase the concentration of nutrients such as ammonia, nitrates, sulphates, and phosphorus, leading to poor water quality (Wetzel, 2001) . Positive resonance between the two indices in categorising and detecting similar water quality for the Manjirenji Dam indicates their potential applicability to shallow tropical lakes though there is a need for rigorous validation and calibration for local conditions as the results may be coincidental.
Figure 2 Raup-crick cluster analysis showing similarity of sites
Though there are two distinct zones, littoral and pelagic, which respond differently to changes in lake levels in large lakes (Wetzel, 2001) , subtropical shallow lakes such as the Manjirenji Dam may present an important and differentiated set of conditions that makes them ecologically distinct from other types of lakes. In this study the extensive inter-site dichotomy above the 0.95 similarity level for all the physicochemical parameters between pelagic and littoral sites reflects the high connectivity facilitating longitudinal, vertical and lateral exchanges of water and materials between different spatial zones in a shallow lentic system (Scheffer and Van Nes, 2007) . However, some distinct dissimilarities among littoral sites for nutrients such as nitrates, phosphorus and sulphate reflect intrinsic site-specific hydrochemical, hydraulic and morphometric variations (Dierberg, 1992) . From a management perspective, this phenomenon presents a dilemma as the effects of nutrient control measures are not so clear-cut in shallow water bodies where interactions in the littoral zone are particularly important (Hildebrand, 2004) .
For the entire sampling period, Manjirenji Dam was highly turbid, with the water characterised by reddish/dark-brownish patches. High turbidity of the Manjirenji Dam corroborates with high concentrations of suspended sediments (Wetzel, 2001) . Mineral turbidity prevails in the dam linked to internal sediment resuspension and the external loading of the influent Chiredzi River, although we do not discount the contribution of the underlying geology of the Manjirenji catchment area, which mainly comprises of sporadic deposits of iron-banded stones, low-mineral igneous and calcite rocks, towards the reddish-brown colour of the water (Svubure et al., 2010) . The incessant water waves and Langmuir circulations that we observed may also aid the horizontal redistribution of suspended minerals in shallow lakes such as Manjirenji (Hildebrand, 2004) . Implications of physicochemical dissimilarities for biotic communities in shallow lakes derive from the almost uniform horizontal distribution of major drivers of productivity such as phosphorus, nitrates and sulphates, as these tend to determine dominant communities (Wang et al., 2011 ). An increase in the brackishness of the water as well as turbidity, as observed in the study, affects light penetration, which in turn poses a limitation on primary productivity (Fee et al. 1996) ; thus chlorophyll a levels were almost uniform and not significantly different around the lake. Studies by Zohary and Ostrovsky (2011) indicate that chlorophyll a concentration is directly dependent on light intensity, penetration, turbidity, and nutrient concentration and distribution along the shoreline.
Manjirenji Dam has designated multi-purpose water uses but is a shallow system with an average depth of 1.5 m and therefore delicate and prone to desiccation. The current water quality data set for the Manjirenji Dam is vital for formulating prudent management strategies to ensure adequate multipurpose water usage and services for this aquatic ecosystem. Moreover, at a time when water supply, demand and its quality is fast becoming a global concern as well as a current national concern in Zimbabwe (Svubure et al., 2010) , it is imperative that Manjirenji Dam is not only continuously monitored but that control measures against pollution be instituted. Broadly our results reflect that there is scope for utilising the adapted current temperate CCME Water Quality Index (CCME, 2001) and the Carlson Trophic State classification criteria by Carlson (1977) , as they provide a convenient means of summarising complex water quality data that can be easily understood by the public, water distributors, planners, managers and policy makers. This may be useful for water system managers in developing countries in the Southern African region, facing intermittent droughts and water quality and quantity deterioration, though we recommend rigorous testing of the indices encompassing shoreline and pelagic zone functionality, impact of seasonal aridity, climate change and irrigation water abstraction thresholds in multiple water systems before adoption for large-scale water quality monitoring programmes.
